Serotonin is synthesized from its precursor, tryptophan, by brainstem raphé neurons and their synaptic terminals in limbic regions. The omission of tryptophan from an Acute Tryptophan Depletion (ATD) diet transiently diminishes serotonin synthesis, alters raphé activity, and mimics symptoms of depression. Raphé functional magnetic resonance imaging (fMRI) poses challenges using signal-averaging analyses. Time-series properties of fMRI blood oxygenation level dependent (BOLD) signals may hold promise, so we analyzed raphé signals for changes with the ATD diet. Eleven remitted (previously depressed) patients were awake with eyesclosed during seven-minute resting scans with 0.5 s −1 sampling. BOLD signal time-series data were frequency- ) during ATD (compared to control, balanced, diet, P b 0.004) but was unchanged at other frequencies. Functional connectivity, the correlation between time-series data from pairs of regions, weakened between pontine raphé and anterior thalamus at low frequencies during ATD (P b 0.05). This preliminarily supports using fMRI time-series features to assess pontine raphé function. Whether, and how, high frequency activity oscillations interfere with low frequency signaling requires further study.
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Introduction
The serotonin system is involved in depression, sleep, and cognition (Maes and Meltzer, 1995; Blier, 2001; Meyer, 2007) . Serotonin neurons are found in brainstem raphé nuclei. Our understanding of serotonin pathophysiology in depression and related conditions would benefit from a replicable, non-invasive raphé imaging method with rapid temporal resolution. Imaging serotonin function in the brainstem raphé nuclei with functional magnetic resonance imaging (fMRI) is challenging because of noise and artifacts. Such obstacles to fMRI measurements may be more manageable using time-series data analyses to measure raphé oscillatory properties.
Over a wide range of frequencies from milliseconds to annual cycles, neural networks oscillate in reliable patterns that modulate inputs, synaptic plasticity, and the consolidation of information (Buzsáki and Draguhn, 2004) . Intrinsic oscillatory features are seen in "resting" fMRI signals -collected while the brain is not engaged in discrete tasks (Biswal et al., 1997; Marx et al., 2004; Fukunaga et al., 2006; McAvoy et al., 2008; Bianciardi et al., 2009; Garrett et al., 2010) . Serotonin neuron firing rates and raphé activity intensities fluctuate spontaneously during sleep and other ultradian phases (Aghajanian et al., 1970; Mosko and Jacobs, 1976; Carlsson et al., 1980; Vandermaelen and Aghajanian, 1983; Lydic et al., 1984; Marazziti et al., 1990; Jacobs and Fornal, 1991; Roy et al., 1991; Jacobs and Azmitia, 1992; Lowry, 2002; Zeitzer et al., 2002; Salomon et al., 2005 Salomon et al., , 2006 . Oscillations in raphé activity are known to critically influence target regional activities, viz., preclinical evidence of intrahippocampal synchronizations (Hobson et al., 1974; Sheu et al., 1974; Vertes, 1981) , and phasic licking and grooming behaviors linked to raphé neuron activity (reviewed by Jacobs and Fornal, 1995) . In humans, serotonergic effects on the binocular switch rate (Carter et al., 2005) also suggest that oscillations in raphé activity influence distant regions. Time series analyses of fluctuations in raphé function may provide reliable information regarding serotonin neuron activity, especially from a within-subjects design measuring acute changes in serotonin function.
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